Background: Social stressors are known to be among the most potent stressors in group-living animals. This is not only manifested in individual physiology (heart rate, glucocorticoids), but also in how individuals behave directly after a conflict. Certain 'stress-related behaviors' such as autopreening, body shaking, scratching and vigilance have been suggested to indicate an individual's emotional state. Such behaviors may also alleviate stress, but the behavioral context and physiological basis of those behaviors is still poorly understood.
Introduction
In group-living animals, including greylag geese, agonistic encounters and other social interactions are common and have been shown to modulate an individual's short-term stress response [1, 2] by activating both the hypothalamic-pituitary-adrenal (HPA) axis and the sympathico-adrenergic system. Furthermore, stressful events may also affect an individual's behavior. In particular, certain 'self-directed behaviors' (SDBs, e.g. scratching, preening), termed 'displacement behaviors' in the classical ethological literature [3] , have been suggested to function as indicators of individual emotional tension and may be related to autonomic arousal [4] . The occurrence of such behaviors may provide information about an individual's evaluation of a certain event [5, 6, 7] .
In humans, 'displacement behaviors' have been shown to be causally linked to autonomic arousal and they provide more reliable information about an individual's emotional state than a verbal statement or facial expression [8] . In non-human animals, SDBs have been used to assess individual stress levels in response to a variety of potential stressors [9] . Acute crowding in European starlings (Sturnus vulgaris) has been shown to increase both physiological (heart rate and corticosterone) and behavioral (upright posture, headfeather expansion, pecking frequency) indicators of stress [10, 11] , whereas different other acute stressors (e.g. strobe light, music, human disturbance) lead to an increased physiological stress response but caused a decrease in preening, beak wiping and feeding [12] . This suggests a direct link between physiological and behavioral stress responses, although behavioral responses could be bidirectional, causing an increase or a decrease in the physiological stress response to stressful events. The connection between the physiological stress response and single social events (e.g. agonistic encounters) is still unclear in nonhuman animals, probably because of the difficulty in obtaining data such as, heart rate measurements in free-living animals. In addition, fecal glucocorticoid metabolite measurements do not provide a sufficient temporal resolution to correlate with behavioral responses to single events. Nevertheless, the link between SDBs and emotional tension has been reinforced by evidence that self-scratching in primates increases on administration of anxiogenic (anxiety-inducing) drugs and decreases following administration of anxiolytic (anxiety-reducing) drugs [4, 13] . Moreover, these behaviors have been shown to vary according to the activity of the arginine vasotocin-system, at least in some male birds [14] .
On the proximal level, such SDBs have been suggested to have a stress-alleviating function to keep an animal within optimal physiological and psychological limits [15] , whereas on the ultimate level, such behaviors have been linked with social communication [4] . In particular, post-conflict affiliative interactions (such as reconciliation, i.e. post-conflict affiliation between former opponents, and consolation, i.e. an affiliative interaction directed from a third party towards the recipient of aggression [16] have been suggested to alleviate post-conflict stress. Support for this assumption is provided by the fact that SDBs remain elevated following conflicts after which post-conflict affiliation does not occur, but have been shown to reduce to baseline levels after reconciliation [17, 18, 19] or consolation [20] . The stress-alleviating effect of reconciliation has been additionally demonstrated using physiological measures (levels of salivary cortisol) in humans [21] , but not in non-human animals.
In the present study, we investigated the contingencies between heart rates (HR) during an agonistic encounter and post-conflict behavior in greylag geese (Anser anser). To our knowledge, this the first study in non-human animals to investigate the correlation between stress physiology and behavior shown after the conflict in a non-human animal. Greylag geese are characterized by a relatively complex social system [22] . Individuals form long-term valuable relationships with their partner and/or offspring, showing spatial proximity and supporting each other in aggressive encounters [23, 24, 25, 26] . Geese form a dominance hierarchy, agonistic encounters are quite common and are known to strongly modulate HR [27] . The degree of HR modulation depends on the characteristics of the interaction (e.g. its intensity) as well as the identity of the opponent (e.g. sex, rank: 1). In the present study, we aimed to find out whether the degree of HR modulation during agonistic encounters and the time until HR reaches baseline levels after the conflict would predict the frequency of post-conflict behaviors (body shaking, autopreening, self-scratching, vigilance) and of post-conflict distance between partners. We expected the frequency and duration of certain behaviors (e.g. shaking, preening, vigilance) to vary in accordance with the degree of stress (as reflected in HR) elicited by a specific encounter. Longer and more intense interactions, likely to be accompanied by a stronger physiological response, were expected to elicit higher rates of SDBs.
Methods

Ethical Statement
The implantation of heart rate transmitters into the abdominal cavity of geese was conducted under a license issued by the Austrian Ministry of Science (GZ68.210/41-BrGT/2003). Implantations were conducted according to veterinarian state of the art techniques and all geese recovered within less than 24 hours. No other manipulations of the geese, which would have required additional licenses, were conducted.
Study site
A non-migratory flock of greylag geese was introduced to the Almtal region of Upper Austria by Konrad Lorenz in 1973. The geese are unrestrained and roam the valley between the Konrad Lorenz research station and a lake approximately 10 km to the south, where they roost at night. At the time of data collection, the flock consisted of approximately 150 individuals, marked with colored leg bands for identification. The study population lives in an un-manipulated social environment and is free to choose with whom to interact, and whom to avoid [22] . Approx 30% of the geese in this flock are hand-raised. This, however, has been shown to have little impact on their social behavior [28] .
The flock is supplemented with pellets and grain twice daily at 0800 and 1500 hours during the winter months and at 0800 and 1700 hours during the summer months. Both hand-raised and goose-raised flock members are habituated to the close presence of humans and they do not show avoidance, changes in agonistic behavior [29] , elevated levels of corticosterone metabolites [30] or HR change when familiar humans approach to within 1 m [2] .
Transmitter technology and implantation technique
Twenty-five individuals were implanted with sensor-transmitter packages weighing approximately 60 g, which represents about 2% of their average body weight, with a battery lifetime of approximately 18 months, without external antennae or repeaters. General information about focal individuals (sex, pair bond status and baseline HR) is given in Table 1 . Both HR and body core temperature were instantaneously transmitted on a beat by beat basis over distances up to 100 m and were stored as 2 min means in the implant over its lifetime [31] . The transmitter was calibrated to record and transmit in the range of 30 to over 500 beats per minute. An industrial tracking receiver module and a control board developed at the Research Institute of Wildlife Ecology was used to receive HR and body temperature data. Data were transferred to a commercial laptop computer via a serial interface (RS 232).
Implantations were conducted from 18 May to 14 September 2005 in five sessions of five individuals per session. Geese were caught opportunistically on the day before implantation or on the same day in the morning and kept together in a large outdoor aviary with access to a small pond and food or were isolated in transport boxes (depending on the time until surgery). The electronic package was implanted into the abdominal cavity by an experienced team of veterinarians in a properly equipped surgery room at the Cumberland Veterinary Clinic in Gmunden, the closest clinic to the study site. For details about the anesthesia and surgery, please see Wascher et al. [1] .
After surgery, geese were housed individually in transport boxes overnight to recover from anesthesia. All 25 individuals were released into the flock the morning after implantation, after veterinary inspection. They returned to, and were accepted by, their social partners immediately after release. One female disappeared the night after release and was probably taken by a fox, the main natural predator of geese at the study site. The geese had fully recovered from the surgery after 2 to 7 days (flying as untreated animals, normal body temperatures and HRs). They could not be distinguished from non-implanted geese visually or in behavior (unpublished data). To exclude possible effects of the surgery on behavior or HR, we excluded from our analyses all data obtained within three weeks post surgery.
Data collection
The study period lasted for 18 months between June 2005 and November 2006 during which the HR and behavior [32] of 22 focal individuals (16 males, 6 females) were recorded simultaneously by one of us (C.A.F.W.) at a maximal distance of 10 m from the focal individual. Individual observation sessions were recorded between 0830 and 1900 and the duration varied between 5 to 120 minutes, depending upon context (e.g. resting or feeding).
We recorded all agonistic encounters in which a focal individual was involved, regardless of whether the focal attacked an opponent or was attacked by another flock member. For all interactions reported here, the attacker also won the interaction. We differentiated between four intensities of agonistic encounters (see Table 2 for definitions). For the present analysis we only included interactions that lasted at least 3 seconds (N = 143). We applied a slightly modified version of the standard 'post-conflict (PC)-matched-control (MC)' method commonly used to investigate post-conflict interactions [33] , where each PC was a twominute focal sample on one of the conflict participants, during which all behaviors exhibited by the focal individual (e.g. preening, shaking (body, tail, neck), feeding, vigilance) and the distance to the partner were recorded (Table 1) . Similar data were collected during the two minutes preceding the conflict ('matched control' period) to provide baseline data. We choose two-minute PC and MC periods as HR responses most often occur within the first few seconds of the event. In 47.2% of all recorded interactions, HR reached baseline values usually within the first 10 seconds after aggression. Reaching baseline values took longer than one minute in only 14.4% of cases. The longest recorded HR increase was 95 seconds after the conflict. From the recordings collected during the entire study period (286h of data collection), we calculated an index of involvement (mean number of interactions per minute of observation) and mean inter-partner distance for each focal individual. Recordings were taken within a radius of 1.5 km around our research station.
Analysis
Comparison of the frequency and duration of post-conflict stress-related behaviors (shaking, vigilance and preening) and mean partner post-conflict distances with pre-conflict matched control sequences were performed using Wilcoxon signed rank tests.
Linear mixed models (LMMs) were used to investigate the influence of conflict characteristics (conflict intensity, duration, attacking versus being attacked, mean HR, max HR, HR increase, time until baseline HR is reached again) and the individual characteristics (sex, baseline HR, mean partner distance, involvement in agonistic encounters) on rates of shaking and vigilance during the post-conflict period. The dependent variables were subjected to log transformations to ensure model residuals conformed to a normal distribution. As preening during the post-conflict period occurred rarely, it was converted into a binomial variable (preening/no preening) and entered as a dependent variable in a generalized linear mixed model (GLMM) with the same predictor variables as for the LMMs. A further GLMM was run with partner distance (approach/no approach) as a dependent variable. GLMMs were fit by the Laplace approximation. Subject and opponent identity were included as random factors in all models to control for between-subject variation and non-independence of data points. We used the Spearman's rank correlation to explore the correlations between the predictor variables. Any highly correlated variables (|r s |.0.9) were not included in the same model. For each dependent variable we ran models with all possible combinations of predictor variables (see Table 2 for all variables included). We selected the best model using Akaike's information criteria (AIC), which compares the adequacy of several models and identifies the model that best explains the variance of the dependent variable as that with the lowest AIC value. Where AIC values between models vary by less than 2, those models are not considered to be significantly different in the adequacy with which they explain any variance in the dependent variable. In such cases, the model with the fewest predictor variables was chosen as the most parsimonious model is always preferred [34, 35] . Only the effects of those variables present in the best model are presented here. All LMMs were conducted in SPSS v. 17 and GLMM were conducted in the lme4 package in R v. 2.10.1. Fig. 2 ). Individuals who spent more time being vigilant during the post-conflict period were more likely to be closer to their partner than during the pre-conflict period (GLMM: b = 0.02, SE = 0.006, z = 3.044, p = 0.002).
Results
Shaking
Discussion
For the first time in a non-human animal species, we relate individual heart rates (HR) shown during single agonistic encounters to the behavior shown after the conflict. We found a correlation between HR changes during or after a conflict and the occurrence of 'stress-related behaviors', such as body shaking, vigilance and autopreening. HR and the characteristics of an event such as conflict intensity and conflict duration reflect its relevance for the individual [1] . As such, our results support previous assumptions that SDBs are linked to autonomic arousal [4] .
We can only speculate about the possible functions of the increase in SDBs after conflicts. However, our present results do not support a stress alleviating function of post-conflict SDBs in greylag geese, as HR did not decrease faster in post-conflict periods characterized by a higher rate of shaking, vigilance behavior or auto-preening. On the contrary, our results indicate that the occurrence of post-conflict autopreening actually prolonged the time it took for HR to reach baseline levels again. We cannot exclude the possibility that preening caused an increased HR due to subtle physical activity [36] , but previous findings in greylag geese generally suggest that psychological factors play a more important role in modulating HR than physical activity [1, 37] . Also, we found preening to occur more likely after the focal individual was actively attacking than being attacked. This indicates that the emotional arousal is more pronounced in the attacker, than in the attacked, which may be explained by the level of motivation needed to initiate an attack and indicates that the internal tension is not entirely decomposed by the attack. The target individual however, sustained a lower level of arousal than the attacker before and during the attack and hence, ended after the attack with less internal tension than the attacker. These differences in PC behavior parallel differences in HR [27] . Given our results, however, we cannot distinguish between the physical and psychological factors that might account for the post-conflict HR decrease. It seems likely that post-conflict stress alleviation is not mediated by post-conflict displacement behaviors but through some other mechanisms, such as through consolation from the pair partner. In the present study, however, the post-conflict inter-partner distance relative to their pre-conflict distance was not influenced by HR during the encounter or conflict characteristics (e.g. intensity, duration). Despite this, in 29% of encounters, conflict participants were closer to their partners after the conflict, although those encounters showing an increased post-conflict interpartner distance were not characterized by a higher HR response during the encounter, suggesting that partners were not more likely to approach after more stressful conflicts. Furthermore, as post- conflict HR did not predict interpartner distance, our data do not indicate that a target's post-conflict stress levels can be alleviated though close proximity to the partner. As it has been previously shown that HR and hormonal responses to stressors are regulated independently (12{Kralj-Fiser, 2010 #610}), SDBs could have a stress alleviating function through the hypothalamic-pituitaryadrenocortical system but not the sypathico-adrenergic system.
Another frequently discussed function for the occurrence of SDBs is social communication. In a range of animals, including greylag geese, an individual's behavior and physiology are not only affected by active involvement in an event but also just by witnessing an encounter between conspecifics [37, 38, 39] . Emotional contagion, a simple form of empathy, has been suggested as the mechanism behind this behavioral and physiological change [40] . A spontaneous impulse in reaction to distress signals of another individual ('altruistic impulse': [41] ) may promote stressalleviating mechanisms, e.g. consolation, from bystanders towards a target of aggression [42] , or it may give uninvolved individuals the chance to prepare for action [43] . Distress contagion is described in a predator avoidance context [44, 45, 46] , but it might also be advantageous in an agonistic context. In geese, serial agonistic interactions towards the same opponent are common [24] and attacks against the pair-partner of a former opponent also occur, although they are rare (B. Weib, unpubl. data). Therefore, communicating distress towards other individuals (e.g. pairpartners) may be important in order to prepare for action, namely to actively support the partner in an encounter. Thus, the increase in SDBs after stressful events might function to signal distress to other group members and therefore play an important communicative role.
In sum, our results show for the first time in non-human animals that the frequency and duration of certain post-conflict selfdirected behaviors (shaking, autopreening) are correlated with autonomic arousal following an agonistic encounter and therefore may provide useful measures for estimating how an individual perceives a stressful event.
